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FKEW?LIG~lllVESTIGATIONAT T!RANSONICANDSWERSCWIC

SPEEDSOFTEEROILINGEWTEC!I’IVENESSOFSEVERAL

AIZEWINCONFIGURATIONSONA TAEERED

- HAY33’JG42.70 SWMWM(X

ByOsxlA. SandeEL

SUMMARY

An irrvestigaticmwasmadeof severalafleronmodificationsIn
conjunctionwitha tapered,sweptbackwinghavingclrculsr+rcairfoil
sectionsofrelativelylargethiclmessratio.Themodifications,allof
whicheffectivelyreducedtheailerontrail~dge angle,includeda
straigh~ideextended-chordaileron,a psrallel-sideaileronofthickness
equalto thewingthicknessat thehingelineandhavingblunttrailing
edges,snda straigh+sideaileronhavinga blunttrailingedgeofthick-
nesseati to one-halfofthewingthicknessat thehingeline. The
modifiedaileranseliminatedthereversalofrollingeffectiveness
withthetrue-contourailermsat smalldeflections.

-ODUCL’TON

obtained

Intheearlyput of1948, = p=t ofm tivestigationofWng+ileron..–_
rollingeffectivenessutilizingrocket-propelledtestvehiclesinfree
flight,testsweremadeof an0.2+hord,outboardhalf-semi.span,true-
contouraileronin conjunctionwitha wingwhichhadan aspectratioof
4.00,a taperratioof0.5,a sweephackangleof40°measuredat the
quarter+hordline,andcirculsr—erc airfoilsectionsofM-percen+
thicknessrationormalto theqmter+hord line. Theabovetests,which
erereportedinreferenceIs indicatedrevers~of therollingeffectiv- _ .
nessintheMachnrmiberrangefrom0.94to1.00forsmellaileron
deflections.Itwasbelievedthattherelativelyla&getrailing-edge
angleofthecirculer—arc sectionscontributedto theobservedreversal “-
of effectiveness.

Followingthepreviouslymentionedtests,an investigationwas
conductedby meansofthe“transonicbump”techniqueintheLengley7—
by N-foothigh-speedtunnelforthepurposeof developingan aileronfor
thewingconfigurationusedin the free-fllght tests whichwouldnot

-
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producereversalattransonicspeeds.Itwasdesiredthatthemodifica- >
tionsbe limitedto the.ailerononly;theremainderofthewingwasto

.,—

%e unmodified.Severalsatisfactoryaileronconfiguraticmsweredeveloped
*

Inthe“transonicbump”tests‘whichme reportedinreference2. Confirma-
toryfree-flighttestsoftheseconfiguraticm.weresubsequentlyperformed
at lergersceleandarethesubjectofthepresentpaper.

Inthepresentinvestigation,outbo~d,inboard,and
aileronsweretested.Thefnboard,andfull-spanailerons
profiles.Theoutboardaileronsweretestedwithseveral.
ficationsincluding straigh~ideextended-+hordailerms,

.-

flil.1-span
hadtrue-contour
profilemodl-

1 parallel-side
aileronsofthicknessequalto thewingthicknessat we hingelinehav~
blunttrailingedges,andstralght+ideailercqshavinga blunttrailing
edgeofthicknessequalto one+halfofthewingthicknessat thehingeMne. —

Thepresentinvestigation,whichwasmadebymeans“ofthetechnique
describedinreferences3 and4,permitstheevaluationofthewing-aileron
rollingeffectivenessovertheMachnuniberrangefromabout0.6to.1.9at
relativelylargescale.Thevariationof dragcoefficientwithMachnumber
wasalsoobtained.

,m
.—

SmmLs

wing-tiphelixangle,radians

rolMn.gvelocity,radianspersecond
—

diameterofcirclesweptby wingtips,feet

flight-pathvelocity,feetpersecond

totel+iz-agcoefficientbasedontotal
wing(1.563 s~ft)

Machnmiber

eqosedsxeaofbasic

—

Reynoldsnuniberbasedonaverageexposedchordofbasic
wing(0.55ft)

—

wingchordpsralleltonmdelcenterline

ailerondeflectionmeasuredinplanenormalto chordplane
R–

andtoaileronhingeline -. .—_

dmTD?h’m.&L,,



u

.-

IVACARM HO ● L8K23 ~x-

9 wingtorsional-stiffnessparameterm

m concentratedcoupleappliednearwing
tomodelcenterlineandnormalto
inch-pounds

e angleoftwist.producedbym at any
spaninplaneparallelto thatof

!m9rVElmzE9mms

Thegeneralarrangementof thetestvehicles

3

tipinplaneparallel
wingchordplane,

sectionalongwing
m, radians

is shownh figures1
and2. FurtherpertinentinformationIs containedIntableI. Thetest
vehicles,whichwererelativelysimple,inexpensive,andexpendable,
consistedof a pointedcylindricalwoodenbodytowhichtheparticular
wing+ileronconfigurationunderinvestigationwasattachedin a three-
panelerrangement~Unpublishedtestsof 3–andk-panelarrangements
indicatethat,withregerdto therolllng+ffectivenesscharacteristics,
theinterferenceeffectsbetweenthewingswerenegligible.A small
ra~o transmitter,designatedspinsonde,whichproduceda planepolarized
signalwasenclosedinthepointednoseofthebodyforthemeasurement
ofrollingvelocity.Thewings,whichwereconstructedma’inlyofwood,
werestiffenedby meansof steelplatescycle-weldedintotheupperand
lowerwingsurfacesas showninffgure1. Themeasuredtorsional–
stiffnesscharacteristicsof twotypical.w@p areshowninfigure3.
Thedegreeoftorsionalstiffnessindicatedbythecurvesof figure,3 .
hasbeenshownbytestsreportedinreference4 tobe sufficienttomake
theeffectsofwingtwistingnegligible.

Thegeometricdetailsofthewing-aileronconfigurationstestedere
showninfigure4. Theconfigurationsh&n in figurek(a)isthatof
reference1. Theaileronswereformedby deflectingthechordlineof
thebasicsectionat theindicatedhingeline. Thismethodof construction
simulatesplain,sealedaileronsinactualaircraftconstruction.For
themajorityofthetestflightstheailerondeflectionwas5°.

Thetestvehicleswerepropelledby a two-stagerocke%propulsion
systemto a Machnrmiberof about1.9. Duringcoastingflightfollowing
burnoutoftherocketmotor,timehistoriesoftherollingvelocity
producedby theailerons(obtainedwithspinsonderadioequipment)end
thefligh+pathvelocity(obtelnedwithDopplerradar)wererecorded.
Thesedata,in conjunctionwithatmosphericdataobtainedwithradio-
sonde,s,permittedtheevaluationoftherolling+?ffectivenesspar-
eter pb/2V asa functionofMachntier. Alsothedragcoefficient
of thetestvehicleswasobtainedby a processinvolvlngthegraphic
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differentiationof thecurveoffligh%pathvelocityagainsttime.The F

scaleofthetestsis indicatedby thecurveofReynoldsnwiberagainst
Machnuder shownInfigure5.

w
A morecompletedescriptionofthe

techniqueisgiveninreferences3 and4.

4KXXJRAC!Y

Theaccuracyofthetestresultsis estimatedtobe withinthe
followinglimits:

$+(duetolimitationson
—

modelconstructional:accuracy). . . . *0.005

~ (duetolimitationson
m

instrumentation). .’. . . . . . . . .*0.00@

M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . *(3.()()5

In figure6 isshowntieeffectofthemomntof iuertiaaboutthe
roll&s on themeasuredv=iationof ph/2V withMachnurriber.The
correctionwasmadeby themethoddescribedinreference3 usinganarbi-
trarilyestimatedvalueof-0.2forthedamp~-in=rollderivativeover
thpentireMachnumberrange.Thevalueof-0.2isprobablyveryapproxi-
mate;itwassimplychosento showthatthemagnitudeofthecorrection
is smallforanyreasonablenegativevalueofthedamping-in-rollderiva-
tive.Thedata-presentedherein
effects.

REsmlTs

havenotbeencorrectedforinertia

ANDDISCUSSION

Theresultsofthepresentinvestigationaxeshowninfigure4 as
—

curvesofthewing-tiphelixanglepb/2V andtotal-dragcoefficient~
againstMachnuniber.In eachpartoffigure4 is showna drawingof the
psrticulawing-aileronconfigurationforwhichtheexperimentalresults
exepresented.

True-contourailerons.-Theexperimentalresultsfortheoutboard,
inboard,endfull-spantrue+ontouraileronsexeshowninfiguresk(a),
k(b),and4(c),respectively,andaresunmuwizedinfigure7. Theresults

—

showninfigureJ(a)arefromreference1 endwereobtainedwithtwopairs
ofmodels.Thepairsdifferednominallyonlyintheailerondeflection.

.

TheeffectivenessoftheoutboardaileronswasreversedintheMach
numberrangefromabout0.94to 1.0for ba = 5°;no reversalwasobtained .

with ba = 10°. Theeffectivenessoftheinboerdaileronsalsoreversed
butat slightlylowerMachnunibersthanfcrtheoutboardailerons.Ho
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reversalwasobtainedforthefull-spanailefions,and
Machnumberrsngeforwhichreversalwasobtainedfor

exceptforthe
thepartial+pan

afleronsthesumofthemeasuredvaluesof effectivenessfortheInbosrd
endoutboardpartial+panaileronswasapproxinmtelyequaltothe
effectivenessmeasuredforthefull-spanailerons.

Extended+hordailerons.–Theresultsobtainedfortheextended–
chordailerondeflected5° areshowninfigurek(d). Therolling
effectivenessofWe configurationwashigherthanthatobtainedfor
theoriginslaileronsovertheMachnuniberrangeinvestigatedandno
reversalwasobtained.A smalljogintheeffectivenesscurve,similar
to thatobtainedforthetrue+ontourailerons,wasencounteredjust
belowa Machnuniberof 1.

Blunttrailing+dgeailerons.-Theexperimentalresultsforthe
blunttrailin&edgeailerons,deflected5°,areshowninfi~e k(e).
Theeffectivenessof thepsrallel-eideaileronsvsriedsmoothlyand
continuouslyovertheentireMachnumber rangeinvestigated.A SILl&Ll
loss ineffectivenessjustbelowa Machnuniberof1 wasobtainedfor
theflat-sideaileronhavinga trailing-edgethicknessequalto one-half
ofthatoftheparsllel+ideailercm.At theextremitiesoftheinvest%
gatedlfachnumberrange,theeffectivenessforbothblunttrailing~dge
aileronswasonlyslightlylessthanthatof theorigtialtrue+ontour
ailerons.At supersonicvelocitiesthedragof theblunttrailing-edge-
aileronconfiguraticxmwasonlyslightlylwger thenthatof theoriginal
ailerons;at subsonicvelocitiesa measurableincreaseindragwas
obtainedfortheblunttraillng-edgeconfigurations.Theresults
obtainedfortheblunttrailing+dgeaileronsindicatethatseparation

.

of theboundarylayerovertheresrwardpartof theairfoilsectionwas
pertlyresponsibleforthereversalof effectivenessobtainedforthe
true+30ntourailerons.

Theresultsobtainedinthepresentinvestigationsreinagreement
withthoseofreference2 asregsrdstherelativeeffectivenessofthe
variousccnflguratimstested.

LangleyAeronauticalLaboratory
NationalAdvisoryCommittee

LangleyField,Va.
forAeronautics

*

“



6

,

NACARM Noo L8K23

,*

1.Sandahl,CarlA.: IIYee-l?’lightInvestigatingatTran80nicandSuper-
sonicSpeedsoftheRollingEffectivenessofa 42.7°SweptbackWing
EavlngPsrtial-SpanAilerons.N&A RMNp. L81225,1948. -. :.

2.Turner,ThomasR.,Lockwood,VernardE.,andVogler,RaymondD.:
PreliminaryInvestigationofVeriousAileronsona @o Sweptback
WingforLateralControlatTransonficSpeeds. =
NACARMNo.L8D21,1948.

3.Sandahl,CarlA.,andMsrinojAlfredAl: FYee-FlightInvestigation
ofControlEffectivenessofFull-Span0.2-ChordPlainAileronsat
HighSubsonic,~ensonic, andSupersonicSpeedstoDetermineSome
EffectsofSectionThicknessandWir~Sweepback.
NACARBiNo.L7D02,1947.

4.Sand&l,CarlA.: Free+l?lightInvestigationofContgolEffectiveness
ofN1-Span, 0.2<hordPlainAileronsatHighSubsonic,Transonic, ‘“
andSupersonicSpeedstoDetermineSomeEffectsofWingSweepback, ?“”
Taper,AspectRatio,andSect+onThicknessRatio.

—

NACARMNO.L71?30,1947.
.

——

.-

—

.

.



NACARM NL.L8K23 7

PHYSICALCHKRACTERISTI~OF

TABLEI

TESTVEKKLESWITHCfRIGINAL_ONS

TotalexposedwingOrea,sq1%. .’. . ..o. .c. . . . . . ..l. ~~
Aspectratio.. *0909 •m~==eas=.aemm 9~o*o=a4900
Taperratio. . . . . . . . . . . . . . . . . . . . . . . . . . . .%.50
SweepbackofW@ le~ng e@e~ deg.. . . . t . . ● ● . . . . . . 42.7
Sweepbackofwingtrailingedge,deg. . .2.. . . . . . . . . . . 30.5
Momentof inertiaaboutrollSXiS,slwft . . . . . . . . . . . . 0.056

%btainedby extendinglead- emdtrail- edgesto centerlineoftest
vehicle, T
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[a) Original.aileronconfiguration.

Figure2.–Photographsof testvehicles.
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(b)Extendedchordaileronconfiguration.

Figure2.- Continued.
~N~lAL..__



D

..

●

—

.

.—

.-

.
—

—



NACARM No.L8K23 13

(c)ParaXLel-6Medaileronconfiguration.

Figure2.- Conoluded.
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Figure3.-StiffneOOcharacteriakica of two t~icel. wings of’ thg pxeBpti testaj
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(b)Inboardaileronconfiguration.ba = 5°.

Figure4.-Continued.
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Figure5.-Variationof Reynoldsnumberwithbiaohmmber for range of test conditions.
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Figure6.- IW?ect’ of mmnt of inertia about roll d on maaured variation of pb/2V with
Machnumber.
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